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SEMICONDUCTOR DEVICE STRUCTURE
FOR REDUCING HOT CARRIER EFFECT OF
MOS TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
structure. More particularly, the present invention relates to a
semiconductor device structure capable of reducing the hot
carrier effect and a method for reducing the hot carrier e
ol a metal-oxide-semiconductor (MOS) transistor.

2. Description of the Related Art

MOS transistors are the most important elements 1n various
clectronic products. To compactify the electronic products,
the dimensions of a MOS transistor have to be reduced. How-
ever, such a dimension reduction causes a hot carrier effect
alfecting the operation of the transistor. More specifically,
when the channel length 1s decreased but the voltage applied
1s fixed, not only the operation speed of the transistor is
increased, but also the lateral electric field in the channel 1s
increased. Thereby, the energy of the channel electrons is
increased, while the channel electrons near the drain region
can be accelerated to have energy higher than the band gap of
the semiconductor.

Therelore, after colliding with the valence-band electrons,
the channel electrons near the drain region easily excite the
valence-band electrons thereat to the conductive band to form
hot electrons. A part of the hot electrons will enter the gate
dielectric to cause damages, so that the reliability and the
lifetime of the device are reduced.
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SUMMARY OF THE INVENTION

Accordingly, one object of this mvention 1s to provide a
semiconductor device structure, which 1s capable of reducing
the hat carrier effect to increase the lifetime of the device.

Another object of this invention is to provide a method for
reducing the hot carrier effect of a MOS transistor, so as to
increase the lifetime of the device.

The semiconductor device structure of this invention
includes a MOS transistor, a silicon-rich silicon nitride layer
having a refractive index of about 2.00-2.30, and a dielectric
layer. The silicon-rich silicon nitride layer 1s disposed
between the MOS transistor and the dielectric layer, and
covers the source/drain regions, the spacer and the gate con-
ductor of the MOS transistor.

According to some embodiments of this invention, the
refractive index of the silicon-rich silicon nitride layer may be
2.0-2.05,2.05-2.10, 2.10-2.15, 2.15-2.20, 2.20-2.25, or 2.25-
2.30.

The above semiconductor device structure may further
include a metal salicide layer, which 1s disposed on the
source/drain region and the gate conductor and covered by the
silicon-rich silicon nitride layer. The maternial of the metal
salicide layer may be selected from the group consisting of
nickel silicide, cobalt silicide and titanium silicide, or from
nickel alloy silicides, such as nickel platinum silicide, nickel
cobalt silicide and nickel titanium silicide.

In addition, the silicon-rich silicon mitride layer in the
semiconductor device structure may be a tensile layer that
causes a positive stress.

The method for reducing the hot carrier effect of a MOS
transistor includes forming a dielectric layer with a refractive
index of about 2.00-2.30 over the MOS transistor, wherein the
dielectric layer covers the S/D region, the spacer and the gate
conductor of the MOS transistor.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to a preferred embodiment of this invention, the
above dielectric layer may include a Si-rich SiN layer. The
refractive mdex of the Si-rich SiN layer may be 2.0-2.05,
2.05-2.10, 2.10-2.15, 2.15-2.20, 2.20-2.25, or 2.25-2.30.

By covering the MOS ftransistor with a Si-rich SiN layer
with a refractive index of about 2.00-2.30, the hot carrier
elfect 1s reduced to increase the lifetime of the device.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a semiconductor device structure accord-
ing to a preferred embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reterring to FIG. 1, an 1solation structure 101 1s formed on
a semiconductor substrate 100 to define an active area 102. A
MOS transistor 104 i1s then formed on the substrate 100,
including gate dielectric 106, a gate conductor 108, a spacer
112 and a source/drain region 115 that includes lightly and
heavily doped regions 110 and 114. The MOS transistor 104
may be formed by, for example, forming a dielectric layer and
a conductive layer and patterning them into the gate dielectric
106 and gate conductor 108, respectively, forming lightly
doped regions 110 1n the substrate 100 through 1on 1mplan-
tation, forming a spacer 112 on the sidewall of the gate con-
ductor 108, and then performing another implantation to form
the heavily doped regions 114. The gate conductor 108 may
include poly-S1, and 1ts linewidth may be 90 nm or smaller.
The gate dielectric 106 may include silicon oxide, and may
have a thickness of 8-20 A.

In another example, the MOS transistor 104 further
includes a metal salicide layer 116 that 1s disposed on the
heavily doped regions 114 and the gate conductor 108. The
material of the metal salicide layer 116 may be nickel silicide,
cobalt silicide or titanium silicide, or a nickel alloy silicide
that 1s a silicide of an alloy of nickel and a refractory metal
like platinum (Pt), cobalt (Co) or titanium (T1).

Thereatter, a dielectric layer 118 with a refractive index
(RI) of about 2.00-2.30 1s formed over the substrate 100, the
dielectric layer 118 possibly being a Si-rich SiN layer that 1s
formed as a tensile layer. In some cases, the RI of the Si-rich
S1N layer 1s 2.00-2.03. In other cases, the RI of the SiN layer
may be 2.05-2.10, 2.10-2.15, 2.15-2.20, 2.20-2.25, or 2.25-
2.30.

The Si-rich SiN layer may be formed with the following
methods, for example. In some examples using a CVD cham-
ber equipped with a high-frequency (HF) power and a low-
frequency (LF) power, the carrier gas may be N2, the reaction
gases may be S1iH4 and NH3, and the LF power 1s lowered, for
example, from ordinary 400W to about OW, to reduce the
bombardments of charged species to the substrate. It 1s also
teasible to lower the HF and LF powers at the same time. For
example, the HF power may be lowered from ordinary 600W
to 100W and the LF power from ordinary 400W to about OW
to reduce the bombardments of charged species to the sub-
strate. In other examples using a chamber with a single power
source, the power can be lowered from ordinary 450W to
100-250W to decrease the decomposition rate of the reaction
species.

Alternatively, N2 1s used as a carrier gas, SiH4 1s intro-
duced 1n a flow rate of about 60 sccm, and the flow rate of
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NH3 1s lowered from ordinary 30 sccm or even set as O to
reduce the nitrogen content in the deposited silicon nitride
layer. It 1s also feasible to lower the power and decrease the
flow rate of NH3 simultaneously.

After the dielectric layer 118 1s formed, another dielectric
layer 120 1s formed thereon, possibly including silicon oxide

or a low-k material

. Then, the dielectric layer 120 is etched

using a patterned p.

notoresist layer (not shown) as an etching

mask to form a contact opening 122 exposing a portion of the
dielectric layer 118, which serves as an etching stop layer and
1s then removed for electrical connection. After the photore-
s1st layer 1s removed, a conductive material like aluminum
(Al) or tungsten (W) 1s filled into the contact opening 122 to
form a contact 124.

EXAMPLES

Examples A1-A2 and B1-B3 use an A-type chamber and a
B-type chamber, respectively. The deposition parameters and
the experiment result of each example are listed 1n Table 1.

TABLE 1
Example
Al Bl B2
Recipe HE (W) 600 W 170 W 100 W
LF (W) 0 150 W 0
SH4 (sccm) 500 60 160
NH3 (sccm) 4000 0 600
N2 (sccm) 1600 3000 600
Properties Refractive index 2.22 2.05 2.2
of film S1—H (/em3) 1.9 x 1022 6.2 x 1021 1.8 % 1022
HCI (vyear) 219 120 379

As indicated by Example Al, by turning oif the LF power,
the Si-rich SiN layer obtained has a higher silicon content and
a higher refractive index. The hot carrier mjection (HCI)
index of the device obtained from Example Al 1s 219 years.

Moreover, as indicated by Examples B1 and B2, the Si-rich
S1N layer obtained from Example B2, in which the HF and LF
powers are lowered at the same time, has a higher silicon
content and a higher refractive index. By lowering the HF and
LF powers at the same time in the S1N deposition, the HCI
index of the device obtained from Example B2 1s increased
from 120 years to 379 years.

When the SiN layer formed over the MOS transistor has a
refractive of merely 1.95, the HCIl index of the device 1s
merely about 10 years. However, according to the above
experiment results, by forming a Si-rich SiN layer with a
higher refractive index, the HCI index can be much increased
by several times or even tens of times. Hence, the semicon-
ductor device structure of this invention 1s capable of reduc-
ing the hot carrier effect of the MOS transistors to increase the
lifetime of the device.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
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the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention covers modifications and variations
of this mvention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A non-flash-memory MOS transistor, comprising;:

a semiconductor substrate;

a gate dielectric layer on the substrate;

only one contiguous gate electrode on the gate dielectric
layer, consisting of conductive matenial;

a source/drain region in the substrate beside the gate elec-
trode;

a spacer on a sidewall of the gate electrode;

a s1licon-rich silicon nitride layer, having a refractive index
of about 2.00-2.30, and covering and directly contacting,
the source/drain region, the spacer and the gate elec-
trode; and

a dielectric layer, covering the silicon-rich silicon mitride
layer.

2. The non-flash-memory MOS transistor of claim 1,
wherein the refractive index of the silicon-rich silicon nitride
layer ranges from 2.0 to 2.05.

3. The non-flash-memory MOS transistor of claim 1,
wherein the refractive index of the silicon-rich silicon nitride
layer ranges from 2.05 to 2.10.

4. The non-flash-memory MOS ftransistor of claim 1,
wherein the refractive index of the silicon-rich silicon nitride
layer ranges from 2.10 to 2.15.

5. The non-flash-memory MOS transistor of claim 1,
wherein the refractive index of the silicon-rich silicon nitride
layer ranges from 2.15 to 2.20.

6. The non-flash-memory MOS transistor of claim 1,
wherein the refractive index of the silicon-rich silicon nitride
layer ranges from 2.20 to 2.25.

7. The non-tflash-memory MOS transistor of claim 1,
wherein the refractive index of the silicon-rich silicon nitride
layer ranges from 2.25 to 2.30.

8. The non-tflash-memory MOS transistor of claim 1, fur-
ther comprising a metal salicide layer that 1s disposed on the
source/drain region and the gate electrode and 1s covered by
the silicon-rich silicon nitride layer.

9. The non-flash-memory MOS transistor of claim 8,
wherein the metal salicide layer comprises a matenal selected
from the group consisting of nickel silicide, cobalt silicide
and titanium silicide.

10. The non-flash-memory MOS ftransistor of claim 8,
wherein the metal salicide layer comprises a nickel alloy
silicide.

11. The non-flash-memory MOS ftransistor of claim 10,
wherein the mickel alloy silicide comprises nickel platinum
silicide, nickel cobalt silicide or nickel titanium silicide.

12. The non-flash-memory MOS transistor of claim 1,
wherein the silicon-rich silicon nitride layer 1s a tensile layer.
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